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Abstract:

Internet-of-Things (loT) systems are composed of widely-distributed and diverse components that
work together to offer valuable services to end-users across various scenarios. These systems rely on the
proper functioning of sensors, actuators, and third-party services; a failure in any one of these can disrupt
the entire system, underscoring the critical importance of error detection and recovery, which are often
underestimated. By taking inspiration from other fields, such as cloud computing, embedded systems,
and mission-critical systems, we introduce a collection of patterns for developing self-healing loT systems.
We explore how these patterns can enhance system reliability by offering mechanisms for error detection,
recovery, and maintenance of system health.

CCS CONCEPTS

¢ Software and its engineering - Design patterns;

¢ Hardware - Communication hardware, interfaces, and storage.

Keywords: Internet-of-things, self-healing, fault-tolerance, patterns

Introduction

This proposal, focuses on the twin model approach. Self-healing functionality is essential for
providing high-quality service (QoS) in cloud computing. With QoS becoming increasingly critical to
services offered by cloud computing vendors, including software as a service (SaaS), platform as a service
(PaaS), and infrastructure as a service (laaS), self-healing functions enable the network environment to
recover from failures that may occur in software, network, or hardware components, as described in [1].
Atechnique called self-configuring and self-healing of cloud-based resources, RADAR, was developed. The
principal issue affecting the optimal performance of the smart grid network is multifaceted failures in
various areas, such as network overload, system intrusions, and system misconfigurations. These failures
can cause significant setbacks to the economy and the quality of human life, which can be mitigated by
applying self-healing functionality, as demonstrated in recent research studies. Among the myriad of
solutions proposed is using a fault-solving strategy library on a twin model system and a machine-learning
(ML) algorithm to implement a self-healing mechanism in a smart grid. The ML algorithm uses the dataset
derived from the fault-solving library and is then deployed to detect anomalies within the cyber-physical
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system. The anomaly detection process is the first step towards implementing self-healing functionality,
with the self-healing functionality being triggered after the fault classification process is completed and a
viable mitigation solution is found within the fault-solving library.

This paper adopts a narrative research method within the qualitative methodology, using existing
literature to highlight theories, machine-learning algorithms, and network architectures for implementing
self-healing functionality, which can then be deployed to protect the security of cyber-physical systems.
The paper surveys existing literature, identifies research areas where similar systems have been
implemented, and highlights gaps, aiming to aid future studies. The goals and objectives of this paper are
as follows:

e Enhance knowledge by highlighting current trends in the area of study.

e Identify the latest machine-learning tools, methods, and algorithms for integrating self-healing
functionality into cyber-physical systems.

e Evaluate the self-healing capability of cyber-physical systems concerning state-of-the-art
techniques and explore machine-learning tools and methods for implementing self-healing
functions.

e Critically review existing literature to identify current tools, methods, algorithms, classification
models, frameworks, networks, and architectures currently deployed for a self-healing approach.

Related work

A self-healing system autonomously identifies and prevents attacks, facilitating recovery. It
monitors its environment by constructing event patterns to detect anomalies, deploying remedial
functions to correct or eliminate anomalies. Only after successful autonomous attack remediation can a
system be considered self-healing. Self-healing systems, characterized by self-adaptive principles, can
react to problems[3]. The PREMiuM platform, designed for manufacturing systems, embodies self-healing
functionality, enhancing efficiency during manufacturing. PREMiuM’s top-level architecture comprises
several independent services: interactive, self-healing, proactive, communication, modeling, and security.
These services enable predictive maintenance by detecting or predicting failures, supporting self-healing
and self-adaptive functionality.

Intrusion detection systems trigger defense mechanisms upon detecting outliers and notify system
components or administrators of anomalies. Ref. [2] proposed using machine-learning (ML) algorithms to
implement IDS in smart grids by integrating traditional power grid strategy with computer networks. This
approach creates a distribution fault-solving strategy library, enabling the grid to become self-adaptive.
The grid state in each node is modeled and digitized, allowing self-correction during failures using the
fault-solving strategy library. Self-healing characteristics include reliability, fault tolerance, and flexibility,
forming part of self-adaptive systems' principles encompassing self-protection, self-configuration, and
self-optimization.

The RADAR self-healing resource, evaluated using CloudSim, showed a 16.88% improvement in fault
detection, 8.79% increase in resource utilization, 14.50% increase in throughput, 5.96% increase in
availability, 11.23% increase in reliability, 6.64% decrease in resource contention, 14.50% decrease in SLA
breaches, 9.73% decrease in energy consumption, 19.75% decrease in waiting time, 17.45% decrease in
turnaround time, and 5.83% reduction in execution time. RADAR's critical contributions include:
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1. Self-configuration resources for updating system software and error management;

N

Automatic resource provisioning and QoS optimization without human intervention;

3. Algorithms for monitoring, analysis, planning, and execution of QoS values, triggered by alerts to
maintain system efficiency;
4. Reduced SLA breaches and improved QoS expectations by enhancing service availability and

reliability.

PROPOSED METHODOLOGY

The proposed work Designing honeypots to study and counteract network attacks in Industrial
loT setups. Integrating digital twins for real-time monitoring and threat detection in Industrial loT systems.
Developing self-healing mechanisms for Industrial loT networks to recover from attacks automatically. As

illustrated in Fig. 1.
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Fig.1. Proposed Architecture

As illustrated in Fig.2, the proposed work, create virtual Industrial IoT environments mimicking
industrial systems to attract attackers. Analyse attack patterns and develop counter measures.
Develop a digital twin of Industrial 10T devices and processes. Use the twin to simulate attacks and
Analyse system vulnerabilities. Use Al and ML for fault detection and dynamic reconfiguration of

network resources. Incorporate redundancy and fault-tolerant techniques.
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Fig.2, Self-Healing IOT mechanism

Self-Healing IOT mechanism benefits the industries in the following aspects:

e |loT Honeypots for Industrial Environments: Improved understanding of attack vectors & enhanced
security protocols.

e Digital Twin for Security Monitoring in Industrial loT: Enhanced monitoring and rapid identification
of security breaches.

e Self-Healing Industrial loT Networks: Resilient Industrial loT networks with minimal downtime.
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